IIIIIIIIIIIIIIIIIIIIIIIIIIIIB 

US0O5380518A 

United States Patent [19] [li] Patent Number: 5,380,518 

Roozdar [45] Date of Patent: Jan. 10, 1995 



[54] METHOD FOR THE PRODUCTION OF 
CHLORINE DIOXIDE 



[75] Inventor: 
[73] Assignee: 



Habib Roozdar, Nesconset, N.Y. 



[21] Appl. No.: 93,529 

[22] Filed: Jul. 19, 1993 

Related U.S. Application Data 

[63] Continuation-in-part of Ser. No. 846,468, Mar. 4, 1992, 
abandoned. 

[51] Int.C1.6 C01B 11/02 

[52] U.S. CI 423/477; 423/472 

[58] Field of Search 423/477, 478, 472, 473, 

423/475; 252/187.23 

[56] References Cited 

U.S. PATENT DOCUMENTS 

2,323,594 7/1943 Hampel 423/477 

3,386,915 6/1968 Rutschi et al 423/477 

4,084,747 4/1978 Alliger 424/65 

4,104,190 8/1978 Hartshorn 423/477 

4,731,193 3/1988 Mason et al 252/95 

4,925,645 5/1990 Mason 423/477 

4,986,990 1/1991 Davidson et al 424/665 



FOREIGN PATENT DOCUMENTS 
959238 12/1974 Canada 4: 



Primary Examiner— Gary P. Straub 

Assistant Examiner — N. M. Nguyen 

Attorney, Agent, or Firm — Henry D. Coleman; R. Neil 

Sudol 



[57] 



ABSTRACT 



The present invention relates to a method for producing 
chlorine dioxide (CIO2) disinfecting solution which 
produces substantially greater quantities of chlorine 
dioxide compared to prior art methods. The method 
makes use of a composition comprising an aqueous 
soluble chlorite salt in combination with an aldehyde 
and an acid at a pH of less than about 5. The method 
preferably minimizes the amount of residual chlorite ion 
(C102 - ) so that the disinfecting solution can be used in 
a number of industries, preferably including the food, 
food processing, drinking water, pharmaceutical pro- 
duction and medical and dental related industries, 
among others. An additional embodiment includes chlo- 
rine dioxide generating solutions which are substan- 
tially corrosion free. 

19 Claims, 2 Drawing Sheets 
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NaC10 2 +H+^HC10 2 (sodium chlorite 
acidification to chlorous acid) 



RELATED APPLICATIONS 5 

This application is a continuation-in-part application 4HC)0 2 *-2C10 2+ h 2 o+ci- +cio 3 - +2H+ (4) 

of U.S. patent application Ser. No. 07/846,468, entitled A „ . . . . 

"Method for the Production of Chlorine Dioxide", filed According to the reaction, the hydrogen ion concen- 
Mar. 4, 1992, now abandoned. ,„ tratlon P roduced 18 much greater using a relatively 

10 strong acid, as opposed to a weaker acid (having a 
FIELD OF THE INVENTION lower pKa). This increased hydrogen ion concentration 

The present invention relates to a method for maxi- ]*f P , * oduce °P timal concentrations of chlorous acid, 
mizing the production of chlorine dioxide (C10 2 ) disin- Thus, lower concentrations of strong acids are needed 
fecting solution which method also preferably mini- „ to generate the same concentration of chlorous acid as 
mizes the amount of residual chlorite ion (C10 2 -). Pref- 15 are produced using weaker acids, 
erably, the disinfecting solution can be used in a number The prior art methods for generating chlorine dioxide 
of related industries, including the food, food process- ™& m lar « e f sidues of ^ onte ! on - J** can * a 
ing, drinking water, pharmaceutical production and disadvantage where one wishes to minimize the residual 
medical and dental related industries. 20 chlonte ,on > expec.ally when disinfecting or cleaning 

In a related embodiment, the present invention also sensitive machmery or equipment. Thus, when the prior 
relates to a method for the generation of chlorine diox- solution is evaporated from the surface of food 

ide (C10 2 ) in low acidity disinfecting compositions (i.e., equipment, for example, the chlonte ion either in pro- 
having a P H between about 3.5 and about 4.5-5.0) to " ated form or as the conjugate base (depending upon 
which is suitable for applications where corrosion, a pH 25 pH ? "T" 1 ' 88 unwanted r v esidue : 
related property, is a concern and is required to be . Another requirement in the food handling and related 
either prevented or minimized so that the disinfecting industries is the need for raw materials or ingredients 
composition can be used in the treatment of metal-con- ™ hlch *» safe to handle m the preparation of the dism- 
taining substrates such as dental and medical instru- f ectant Strong acids such as ; nitric or hydrochloric may 
meats and devices. 30 * dan 8 erous t0 the unskllled personnel in the food 

handling unit and inappropriate for generating chlorine 
BACKGROUND OF THE INVENTION dioxide in this case. The requirement is for the inclusion 

Chlorine dioxide, an indirect food additive, has been of reagents which are safe to use and, after generating 
found to be especially useful as a disinfectant, antiseptic chlorine dioxide produce side products which are non- 
and sanitizer. It is widely used to disinfect drinking 35 t0Xlc and/or biodegradable. 

water and various water supplies. In addition, chlorine Although a number of attempts have been made m 
dioxide finds use as a bleaching agent for flour, fats, the art t0 enhance the efficiency of chlorine dioxide 
textiles and as an antiseptic. production and minimize the amount of residual chlo- 

Although it has great beneficial chararacteristics, " te ' on > * e results have generally been ummpressive. 
chlorine dioxide can not be transported commercially as 40 Jo date, there has been no report of the use of a hy- 
a concentrated gas for its use and instead has been gen- drox y? free aldeh y de t0 e j nhan j ce th f Production of chlo- 
erated at the site where it is used. nne dl0X,de from an acid 311(1 a salt of chlonte - 

Chlorine dioxide has shown great utility as an and- OBJECTS OF THE PRESENT INVENTION 

septic for treating metal substrates such as dental and _ . , . ^ . . 

medical instruments and devices. However, the prior 45 It is an object of the present invention to provide a 
art methods for generating chlorine dioxide suffer from method for producing chlonne dioxide for use on food 
the disadvantage that large quantities of chlorite remain equipment and related surfaces including dental and 
as a residue. Chlorite residues on food handling equip- medical surfaces^ 

ment and medical and dental surfaces that are to come » 15 another object of the present invention to prefer- 
in contact with humans are to be avoided or substan- 50 ably minimize the amount of residual chlonte salt in the 
tially minimized according to FDA and EPA regula- fma . ch l onne d,oxlde s ° lutl ° n *°* ultimately, where 
tion ^ 6 applicable, on the treated surface. 

Separately, chlorine dioxide exhibits certain corro- lt » an add f° nal ob J e ° l of the present invention to 
sive properties which are believed to be pH related. P rovlde a method for producing chlonne dioxide utihz- 
Thu S ; in certain applications, it is beneficial to generate 55 mg materials which are safe to handle, 
chlorine dioxide at a pH which would avoid or mini- t »f furth er object of the present invention to gener- 
mize corrosion during the disinfecting process. ate chlonne dioxide from chlonte ion and minimally 

The production of CIOz solutions is well known in * OXIC °* non - t t oxlc (^ta n tially non-toxic) chlonne 
the art. The general prior art procedure has been to mix ^ d ™f e *Z "7 ? ^ Snh l tantl f y n0n - t0XIC 
sodium chlorite (NaC10 2 ) with an acid. As a rule, the 60 and/or biodegradable side products from the generation 
stronger the acid, the faster and more efficient will be of chlonne dioxide. 

the production of chlorine dioxide. The general formula t 15 stl " 311 add I tl0na j ob J ect of the ™!° n 
for the production of chlorine dioxide using sodium \ P r ° vid ^ a met h° d for generating chlonne dioxide 
bisulfate is as follows: , wh !f h enhances * e Production of chlonne dioxide 

65 whde minimizing the residual chlonte ion. 

It is yet another object of the present invention to 
generate chlorine dioxide from chlorite ion in a liquid 
utilizing non-toxic low pKa acids. 
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It is yet a further object of the present invention to toxic acids for use in the present invention include so- 

provide a chlorine dioxide generation method in a liquid dium and potassium bisulfate (NaHSC»4 and KHSO4), 

composition containing a relatively low concentration phosphoric acid, sulfamic acid and maleic acid. The 

of acid which may be used as a disinfectant having bisulfates have pKa's of about 1.9-2.0, phosphoric acid 

minimal corrosive properties. 5 has a pKa of about 2.15 and maleic acid has a pKa of 

These and other objects of the present invention may about 1.94. Other biologically compatible acids which 

be readily gleaned from the description of the invention may be used in the present invention include phosphoric 

which follows. acid, ethylenediaminetetraacetic acid (EDTA, as the 

DESCRIPTION OF THE FIGURES ln fre J acid or the m°nosodium salt) among others 

10 For purposes of the present invention, hydrochloric, 

FIG. 1 is a diagrammatic representation of a system mtr j c and concentrated sulfuric acid or sulfuric acid in 

for producing chlorine dioxide from a salt of a chlorite } ts f ree ac j d f orm ma y a i so be use( j m the present inven- 

and an acid, preferably a biologically compatible acid tion> but t h e ir use is generally limited compared to the 

and optionally, a disproportionation agent. The reac- biologically compatible acids. In certain embodiments 

tion(s) to form chlorine dioxide occurs in the reaction 15 accordmg to the present invention these acids are pref- 

chamber (C). It is noted that the pipes, chambers and erably used in d j] uted f orm . 

vats as set forth in FIG. 1 are generally made of high The term - chlorous acid disproportionation agent", 

density polyethylene and/or polypropylene. "disproportionation agent" or "aldehyde agent" is used 

FIGS. 2A and 2B are diagrammatic representations throughout the specification to describe a number of 

ofa two-part system compnsmg two containers one for 20 disproportionation agen ts which enhance the rate of 

chlonte salt and the other for the acid In FIG. 2 (A and disproportionation of cWorous acid t0 signiflcant i y 

B), the two parts could be considered as two separate increase the amQunt of cMorme dioxidg wh f ch ig * 

containers, with or without d,spensing pumps. A mea- duced and mimmize residual ion The 

sunng cup can be used for removing approximately accordi invention are 

equal volumes of the chlonte part and the acid part. 25 ^ fo f ^ ^ ^ substantially enhance the rate 

DETAILED DESCRIPTION OF THE and efficiency (yield) at which chlorine dioxide is 

INVENTION formed from chlorous acid (even at relatively high pH's 

The term "salt of a chlorite" or "chlorite salt" is used lo , w concentrations of acid a consideration in the 

throughout the specification to describe a salt of chlo- 30 embodiments which minimize corrosion , for their abil- 

rite which is readily soluble in an aqueous system and to form the,r b'ol°g>cally compatible substant.ally 

which readily dissociates into chlorite anion and coun- non - toxlc ° r ? anlc ™ d ^ Products and for their abil- 

terion (generally, metal). Two particularly preferred «Y t0 minimize residual chlonte ion. Thus, by using a 

salts of chlorites for use in the present invention include disproportionation agent according to the present ,n- 

sodium chlorite and potassium chlorite. 35 ventlon ' one can P roduce effectlve quantities of CIO2, 

The term "acid" is used throughout the specification minimize the amount of acid used and raise the pH of 

to describe protic acids, i.e., acids that release hydrogen the C10 2 -generatmg solution to a non-corrosive level, if 

ions in solution. Acids for use in the present invention desired. 

include strong inorganic acids such as hydrochloric, Disproportionation agents for use in the present m- 

sulfuric, sulfamic and nitric acid, preferably as dilute 40 vention preferably include hydroxyl free aldehydes, 

acid, organic acids such as citric, fumaric, glycolic, most preferably, substantially non-toxic hydroxyl free 

lactic, malic, and tartaric acid, among others, and pre- aldehydes such as acetaldehyde, benzaldehyde, glutar- 

ferred acids such as sodium and potassium bisulfate aldehyde, cinnamic aldehyde, propionaldehyde, paral- 

(NaHS0 4 and KHSO4), phosphoric acid and maleic dehyde, and 2-Furfural (bran oil), among others. Pre- 

ac j d ' 45 ferred disproportionation agents for use in the present 

The term "low pKa acid", "non-toxic low pKa acid" invention include those aldehydes that are substantially 

"biologically compatible low pKa acid" is used non-toxic themselves and which are converted during 

throughout the specification to describe acids which are *e disproprotionation process to substantially non- 

relatively strong (have pKa's of about 2.1 or lower, toxic side products. The hydroxyl free aldehydes acetal- 

preferably below about 1.94, the pKa of chlorous acid 50 dehyde, benzaldehyde, glutaraldehyde and propional- 

so as to shift the equilibrium to chlorous acid genera- dehyde are particularly preferred for use in the present 

tion) and are easily or relatively safely handled, are invention. Hydroxyl free aldehyde compounds are pre- 

generally compatible with biological systems (they are ferred over hydroxyl containing aldehyde compounds 

substantially non-toxic) and are non-caustic. Low pKa for use in the present invention, because of the tendency 

acids donate a large fraction of hydrogen ions by favor- 55 of the hydroxyl containing aldehydes to undergo an 

ing the reaction which consumes hydrogen ions and aldol condensation in solutions at low pH. 

generates chlorine dioxide. By virtue of the low pKa, The term "hydroxyl free aldehyde" is used through- 

the acids utilized in the present invention are highly out the specification to describe the preferred dispro- 

ionized and smaller quantities of the low pKa acid portionation agents for use in the present invention, 

would be needed to protonate chlorite ions to form 60 Hydroxyl free aldehydes are those chemical com- 

chlorous acid. Consequently, the acids have low resid- pounds containing an aldehyde moiety which is free of 

ual levels and the mixture is easily raised in pH when hydroxyl groups. While not being limited by way of 

touching skin or disinfecting an instrument. theory, it has quite unexpectedly been discovered that 

The residues that are formed from these biologically the inclusion of a hydroxyl free aldehyde in combina- 

compatible acids are generally the sodium and/or potas- 65 tion with an acid and a salt of chlorite (at a pH of less 

sium salts of the acids, such residues being safe, non-cor- than about 4.5-5.0) will maximize the production of 

rosive and acceptable as either direct or indirect food chlorine dioxide and minimize the residual chlorite 

additives. Examples of biologically compatible or non- compared with the prior art methods, especially includ- 
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ing those methods which use hydroxyl containing aide- dioxide for purposes of the present invention is at least 

hyde compounds such as aldoses and other sugars. about 1 part per million, because chlorine dioxide is a 

The term "corrosive properties" is used throughout disinfectant at that concentration and higher concentra- 

the specification to describe properties such as those tions. In the present invention chlorine dioxide is prefer- 

producing corrosion on metal substrates such as medi- 5 ably produced in a concentration of at least about 5 

cal and/or dental devices. These properties are derived parts per million, most preferably in a concentration of 

from factors such as excess residual acidity (low pH) at least about 20-40 parts per million, 

and/or excess residual chlorite ion. The terms "low acidity composition" and "high pH 

The term "enhanced chlorous acid disproportion- acid composition" are used throughout the disclosure to 

ation" is used throughout the specification to describe 10 describe a chlorine dioxide-generating composition 

the production of chlorine dioxide from chlorous acid (producing at least about 1 ppm chlorine dioxide) and 

in the presence of a hydroxyl free aldehyde dispropro- having a relatively low concentration of acid to pro- 

portionation agent, a combination which has a faster duce an initial pH of about 3.5 to about 4.5-5.0, and 

rate and greater efficiency of chlorite ion use even when which comprises an amount of a water soluble salt of 

the pH is less acidic and which generally produces 15 chlorite with an amount of an acid, preferably a low 

chlorine dioxide in greater amounts and at higher con- pKa acid, effective to produce a pH within the above 

centrations than without a disproportionation agent. range. The composition may be dry or in solution. 

This is an unexpected result. In general, in the absence The term "chlorite part" is used throughout the spec- 

of a disproportionation agent, the amount of chlorine ification to describe the form in which an amount of a 

dioxide which is generated in a reaction at a pH of about 20 water soluble salt of chlorite either in dry or liquid state 

3.9 during a 15 minute period is generally no greater is added to the acid part. 

than about 1-2 parts per million. This indicates that the The term "acid part" is used throughout the specifi- 

rate of conversion of chlorous acid to chlorine dioxide cation to describe the form in which an amount of a 

in this case is very slow and the yields are low. In addi- water soluble low pKa acid either in dry or liquid state 

tion, residual acid remains, thus increasing the potential 25 is added to the chlorite part. 

for producing corrosion. The term "low acidity condition" is used throughout 

Utilizing a disproportionation agent in the form of a the specification to describe the condition at which at 

hydroxyl free aldehyde at the same starting pH of 3.9, least 1 part per million (ppm) of chlorine dioxide is 

the amount of chlorine dioxide generated may be as generated in a solution with a starting pH ranging from 

much as about 40 ppm or more. In this case, hydrogen 30 about 3.5 to about 4.5-5.0. This condition is provided by 

ions and residual chlorite ions are consumed by the combining an effective amount of a low pKa acid with 

disproportionation of chlorous acid, such that at the end an amount of a water soluble salt of chlorite, 

of a 15 minute period, the pH rises to about 4.3. This The overall pH range for purposes of the present 

more efficient process for producing chlorine dioxide invention is from less than about 2.0 to about 5.0, most 

results in chlorite ion levels being substantially reduced 35 preferably about 2.0 to about 4.5. 

relative to processes which generate chlorine dioxide in The term "effective amount" is used throughout the 

the absence of a hydroxyl free aldehyde. In preferred specification to describe a minimum amount or quantity 

embodiments according to the present invention, at the of a component, i.e., an acid (preferably, a low pKa 

end of the 15 -minute period, the residual chlorite ion acid), disproportionation agent or chlorite ion included 

levels are about 60% or less of the initial chlorite ion. 40 to generate an intended effect. The term effective 

The terms "minimize residual chlorite ion", "mini- amount when used to describe the acid, preferably a 

mizing residual chlorite ion" or "substantially reduce low pKa acid, is used to describe that amount of acid, 

residual chlorite ion" are used throughout the specifica- either in dry or liquid form which, when combined with 

tion to describe reactions to produce chlorine dioxide chlorite in solution, will generate at least 1 part per 

which preferably yield no more than about 85% by 45 million (ppm) of chlorine dioxide from chlorous acid, 

weight residual chlorite ion (based upon the initial By definition, 1 part per million is equal to 0.0001% by 

weight of chlorite used). More preferably, the amount weight. 

of residual chlorite ion is less than about 70% by weight The present invention relates to a method of produc- 

and most preferably the amount of residual chlorite ion ing chlorine dioxide comprising: 

is less than about 60% by weight. 50 1) combining an amount of a salt of chlorite with an 

The term "substantially non-toxic" is used through- amount of an acid, preferably a low pKa biologi- 
out the specification to describe disproportionation cally compatible acid effective to produce a sub- 
agents and/or biologically compatible acids which are stantial quantity of chlorous acid; and 
used to generate chlorine dioxide in the method(s) ac- 2) providing an amount of a disproportionation agent 
cording to the present invention. Substantially non- 55 in the form of a hydroxyl free aldehyde chemical 
toxic means that the materials are safely handled and are compound effective to enhance chlorous acid dis- 
generally compatible with biological systems in proportionation to chlorine dioxide, 
amounts used to generate chlorine dioxide relative to This method unexpectedly enhances the rate and 
compositions which are considered "substantially amount of chlorine dioxide produced and reduces the 
toxic." The term "substantially" is used to describe the 60 amount of residual chlorite ion relative to prior art 
non-toxic acids and disproportionation agents for use in methods and is preferably compatible with food, medi- 
the present invention because of the fact that almost all cal device and dental surfaces. This method may be 
substances, including water, may become toxic to a performed at an initial pH no greater than about 5.0, 
biological system in certain amounts. preferably within a pH range of about 2 to about 4.5. 

The term "substantial quantity" is used to describe 65 Where corrosion resistance is not desired, a pH of less 

amounts of chlorine dioxide which are produced using than about 2.5 is preferred. In certain embodiments 

the method according to the present invention and are according to the present invention, substantial corro- 

believed to be useful. A substantial quantity of chlorine sion resistance is instilled by utilizing an initial pH of 
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about 3.5 to about 4.5 in combination with an inorganic embodiments according to the present invention where 

acid. corrosion resistance is not considered important, prefer- 

The present invention also relates to a method of ably, as a rule of thumb, the low pKa acid is added in an 

producing chlorine dioxide comprising: amount which will render the initial pH in the reaction 

1) combining an amount of a salt of chlorite with an 5 chamber, i.e., in the presence of chlorite ion, to a level 
amount of an acid, preferably a low pKa biologi- below about 2.5 and most preferably to a level at or 
cally compatible acid, effective to produce a sub- below about 2.2. In embodiments according to the pres- 
stantial quantity of chlorous acid; and ent invention in which the corrosion resistance is de- 

2) providing an amount of a disproportionation agent sired, the initial pH generally ranges from about 3.5 to 
in the form of a non-toxic hydroxyl free aldehyde 10 about 5.0, preferably about 3.5 to about 4.5. 
chemical compound effective to enhance chlorous The acid is generally provided in a concentration of 
acid disproportionation to chlorine dioxide, said about 0.00005M to upwards of about 1M, depending 
aldehyde after disproportionation giving rise to a upon the final pH of the solution desired. In corrosion 
substantially non-toxic organic acid and/or organic resistant compositions, the concentration of acid prefer- 
acid salt side product. In a preferred method ac- 15 ably ranges from about 0.01M to about 0.2M, depending 
cording to the present invention which provides upon the amount of chlorite in the composition. In 
substantial corrosion resistance, lower concentra- compositions in which having the characteristic of cor- 
tions of acid, preferably a low pKa inorganic acid rosion resistance is not important, the amount of acid 
and chlorite are used at a pH ranging from about preferably ranges from about 0.01M to upwards of 1M 
3.5 to about 5.0, preferably about 3.5 to about 4.5 20 or more. These concentrations will usually provide a 
compared to prior art methods, further diminishing pH of less than about 2.5 and usually less than about 2.0. 
the residual chlorite ion. A low pH value is generally associated with a greater 

It has been discovered unexpectedly that the inclu- rate and production of chlorine dioxide. Concentrations 
sion of a low pKa inorganic acid in combination with of acid producing pH's above or below these values (up 
chlorite and a hydroxyl free aldehyde at an initial pH of 25 to a pH of about 5.0) may also be used, depending upon 
about 3.5 to about 5.0, preferably about 3.5 to about 4.5 the amount of chlorite to be converted to chlorine diox- 
to produce chlorine dioxide will reduce corrosion of ide, as well as the pH desired in the reaction chamber 
metal substrates. While not being limited by way of and the ultimate concentration of chlorine dioxide de- 
theory, the choice of a low pKa inorganic acid is be- sired. 

lieved to be preferred to minimize corrosion because of 30 In the first method according to the present inven- 

the tendency of the low pKa acid to be ionized within tion, the chlorite salt is combined with the acid prefera- 

the pH range of about 3.5 to 5.0, thus minimizing the bly at about 15° C. to about 30" C. to produce chlorous 

free acid form of the acid, and consequently, the corro- acid. Thereafter, the chlorous acid is left to dispropor- 

sion. tionate to chlorine dioxide. In general, the dispropor- 

In the first method according to the present inven- 35 tionation step is carried out in the same aqueous medium 

tion, an effective amount of a salt of a chlorite, prefera- where the formation of chlorous acid occurs. The tem- 

bly sodium or potassium chlorite is combined with a perature of the disproportionation step may vary, but 

biologically compatible acid to produce a substantial will generally range from about 15° C. to about 30° C. 

quantity of chlorous acid. In a second step, the chlorous or higher. After production, the chlorine dioxide solu- 

acid produced is allowed to disproportionate to form 40 tion may be used directly or diluted depending upon the 

chlorine dioxide. desired or intended use. 

In the first method according to the present inven- In a second method according to the present inven- 
tion, preferred salts of chlorites include sodium and tion, the use of a disproportionation agent, preferably in 
potassium chorite. The preferred low pKa acids accord- the form of a hydroxyl free aldehyde chemical composi- 
ing to the present invention are those acids which are 45 tion, will enhance and hasten the production of chlorine 
generally considered safe, user friendly and substan- dioxide from chlorous acid. In this aspect of the present 
tially non-toxic, for example salts of bisulfate, maleic invention, either during or after the formation of chlo- 
acid, phosphoric acid and ethylenediaminetetraacetic rous acid, an effective amount of an agent for dispropor- 
acid (EDTA, as the free acid or the monosodium salt), donating chlorous acid to chlorine dioxide is added to 
among others. It is noted that numerous additional acids 50 the solution. While the disproportionation agent may be 
may be used in the present invention to generate chlo- added after the formation of chlorous acid, preferably 
rine dioxide including numerous organic acids, for ex- the disproportionation agent is already present in the 
ample, citric, propionic, fumaric, glycolic, lactic, malic, acid solution when the acid solution is combined with 
tartaric and acetic, among others and inorganic acids the aqueous mixture of chlorite salt. In this way, as soon 
such as sulfuric, sulfamic, hydrochloric and nitric (pref- 55 as chlorous acid is generated, the disproportionation 
erably, in a dilute concentration). Generally, the con- reaction may be enhanced. The overall result will be to 
centration of chlorite salt used to generate chlorous acid shift the equilibrium toward more chlorous acid genera- 
in the present invention represents at least about tion and consequently, more chlorine dioxide forma- 
0.0005M and preferably ranges from about 0.002M to tion. Using a disproportionation agent, at least 10% and 
about 0.5M or slightly higher. In the embodiments 60 generally at least about 30-40% up to about 80% or 
which are substantially non-corrosive, the amount of higher of chlorite ion is converted to chlorine dioxide 
chlorite salt comprises at least about 0.0005M and pref- and chloride ion. In the absence of a disproportionation 
erably ranges from about 0.002M to about 0.2M. agent such as a hydroxyl free aldehyde disproportion- 

The amount of acid, preferably biologically compati- ation agent, the conversion is significantly slower and is 

ble acid, added to the chlorite salt is generally that 65 less efficient (usually significantly less than about 2% of 

amount effective to provide an initial pH of the reaction the initial chlorite ion is converted to chlorine dioxide 

mixture below about 5.0, preferably below about 4.5 and/or chloride). The significant enhancement of chlo- 

and more preferably lower than about 3.5 or less. In rine dioxide production and the limitation in residual 
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chlorite ion using a hydroxyl free aldehyde dispropor- tion without a disproportionate agent is preferably 

tionation agent is an unexpected result. maintained below about 2.5. The amount of acid chosen 

It is noted that in this aspect of the present invention is that amount which is effective to produce a substan- 

which utilizes a hydroxyl free aldehyde disproportion- tial quantity of chlorous acid. This amount of acid will 

ation agent to enhance chlorous acid disproportionation 5 generally provide an initial pH of the reaction mixture 

to form chlorine dioxide and minimize residual chlorite, (which includes the chlorite salt) in which chlorine 

any acid which produces an initial pH in the reaction dioxide is produced below about pH 2.5. Optionally, 

mixture of about 5.0, preferably 4.5 or lower may be into this acid solution, an effective amount of a hy- 

utilized, but preferably a low pKa biologically compati- droxyl free aldehyde disproportionation agent may be 

ble acid is used. In this regard, the following acids, 10 added to enhance disproportionation of chlorous acid to 

among other are useful: salts of bisulfate, maleic acid, chlorine dioxide. The final pH of the acid solution 

sulfamic acid, phosphoric acid and ethylenediaminetet- which includes the disproportionation agent in this 

raacetic acid (EDTA, as the free acid or the monoso- aspect of the invention is generally less than about 5 and 

dium salt), are most preferred. Numerous additional is preferably less than about 2.5, more preferably less 

acids may also be used in the present invention to gener- 15 than about 2.0 and most preferably less than about 1.8. 

ate chlorine dioxide including a variety of organic acids, The pH of this solution is chosen to produce an initial 

for example, citric, propionic, fumaric, glycolic, lactic, pH in the reaction mixture of less than about 5.0. In this 

malic, tartaric and acetic, among others and inorganic aspect of the present invention which includes a dispro- 

acids such as sulfuric, hydrochloric and nitric (prefera- portionation agent, any acid may be used including any 

bly, in a dilute concentration), among others. 20 of the aforementioned acids, among others, but prefera- 

In general, the amount of disproportionation agent bly a low pKa biologically compatible acid such as salts 
used in the present invention is an effective amount of bisulfate, maleic acid, sulfamic acid, phosphoric acid 
which varies depending upon the amount of chlorite ion and ethylenediaminetetraacetic acid (EDTA, as the free 
used. In general, the amount of disproportionation acid or the monosodium salt) is used, 
agent used in the present invention ranges from about 25 Vats A and B are each stoppered so that the contents 
10 parts per million to about 20,000 parts per million or of each vat may be metered into reaction chamber C. 
more (about 0.001% to about 2.0% by weight of the Each or both of the Vats may be graduated. The stop- 
chlorine dioxide generating solution). In general, on a pering of vats A and B (valves (1) and (2)) will allow a 
mole to mole basis, the amount of disproportionation measured or pre-measured amount of the contents of 
agent utilized varies from about 1/10 to about \ the 30 each Vat to be delivered in a controllable manner to the 
amount of chlorite used, and preferably about J to about reaction chamber C while valve (3) is open and (4) is 
£. While it is possible to utilize a disproportionation closed. In the reaction chamber, the chlorite is acidified 
agent in concentrations above and below this amount, it with the low pKa biologically compatible acid to pro- 
is noted that at concentrations of disproportionation duce chlorous acid and subsequently, the generated 
agent substantially below 1/10 the molar concentration 35 chlorous acid is disproportionated in situ into chlorine 
of chlorite, the rate at which disproportionation of chlo- dioxide. The concentration of chlorine dioxide in- 
rous acid to chlorine dioxide occurs may be diminished. creases within the reaction chamber until such time as 
At molar concentrations of disproportionation agent the reaction is completed. In general, the reaction(s) to 
significantly above about £ the concentration of chlo- produce chlorine dioxide without the aid of the dispro- 
rite, residual amounts of disproportionation agent may 40 portionation agent is slow and may require about 30 
remain in solution which could result in instability in the minutes or higher to be completed (level off), 
resulting chlorine dioxide solution. The effective With an effective amount of a hydroxyl free aldehyde 
amount of disproportionation agent is chosen to maxi- disproportionation agent, the concentration of chlorine 
mize chlorine dioxide formation and minimize the dioxide generated within a period of about 15 minutes 
amount of residual chlorite in the chlorine dioxide mix- 45 ranges from at least about 1 ppm and preferably at least 
ture. about 5 ppm to upwards of 100 ppm or more. The pro- 

In the method according to the present invention, the duction of chlorine dioxide may be monitored photo- 
apparatus as set forth in FIGS. 1 and 2A and 2B are metrically at 360 nm using an extinction coefficient of 
representative of systems which maybe used to gener- 1250 M~ 'cm- 1 as described on pp. 244-245 of "Chem- 
ate chlorine dioxide. As set forth in FIG. 1, a chosen 50 istry of Chlorine Dioxide", In Progress in Inorganic 
amount of chlorite salt is dissolved in water in vat A. Chemistry, Vol. 15, S. J. Lippard (Editor), Wiley-Inter- 
Preferably, the chlorite salt is the sodium or potassium science, New York (1972). In certain aspects according 
salt. The concentration of chlorite salt chosen is an to the present invention, the final concentration of chlo- 
effective amount which generally ranges from about rine dioxide is preferably greater than about 20 ppm, 
0.001 to about 0.5 Molar (generally, for example, about 55 and more preferably the final concentration of chlorine 
0.09 g. to about 45 g./liter of sodium chlorite, but dioxide in the reaction chamber ranges from about 
amounts above and below these concentrations may 80-100 parts per million (ppm) to upwards of 400 ppm 
also be used in certain embodiments). The chlorite salt is or more. The concentration of chlorine dioxide which is 
first added to water and dissolved. Depending upon the produced using higher pKa acids, especially organic 
type and final concentration of chlorite chosen, the pH 60 acids at higher pH values, will generally fall within the 
of the solution in Vat A may range from about 9.0 to same range set forth above. Generally, on a mole to 
significantly above about 10. A pH above 10, for exam- mole basis, the amount of chlorine dioxide produced 
pie about 10.5, is often employed. using an organic acid will be lower than the chlorine 

A second solution, contained in Vat B, is prepared dioxide concentration produced from a low pKa acid, 
containing an effective amount of an acid, preferably a 65 After the completion of the formation of chlorine 
biologically compatible acid, for example, sodium bisul- dioxide in reaction chamber C, the contents of reaction 
fate. In embodiments according to the present invention chamber C are deposited into dilution tank D by open- 
in which corrosion is not a concern, the pH of the solu- ing valve 4 (valve 5 is closed). Here, the chlorine diox- 
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ide solution from reaction chamber C is mixed with salt had been converted to chlorine dioxide (40%) and 

water or other aqueous solution in dilution tank D (gen- chloride ion (60%). The concentration of chlorine diox- 

erally about a 20-40 fold dilution, preferably about 30 ide in the aqueous solution in the reaction chamber was 

fold) so as to create a chlorine dioxide solution with a about 1 10 ppm as measured spectrophotometrically at 

final concentration generally ranging from slightly less 5 360 nm using an extinction coefficent of 1250 

than about 1 ppm to about 10 ppm, with a preferred M-'cm- 1 . The concentration of chlorite ion which 

concentration of about 1 ppm to about 5 ppm. The pH remains was approximately 30 ppm. The concentrated 

of the final diluted solution of chlorine dioxide for use as chlorine dioxide solution is thereafter delivered to the 

a disinfectant preferably ranges from about 4.5 to about dilution tank D and diluted 30 fold to a final concentra- 

7 with a more preferred range from about 5.5 to about 10 tion of 3.5 ppm chlorine dioxide and a pH of about 6. In 

6.5. the final diluted disinfectant solution, the concentration 

In FIGS. 2A and 2B, which figures are representative of chlorite ion is about 1 or less ppm. The relatively 

of the non-corrosive aspect of the instant invention, the high pH of the solution is caused by the 30-fold dilution, 

chlorite part ranges from about 50 ppm to about 50,000 the production of water using up hydronium (H3O+) 

ppm. The pH of the chlorite part may generally range 15 i 0 ns during the reaction and the effect of chlorine diox- 

from about 9.0 to about 10.8 although an initial pH ide as a Lewis Acid is minimized at high dilution, 
outside of this range may also be used. The acid part 

contains an effective amount of an acid, preferably a Example 2 

low pKa acid which is more preferably non-toxic and Same method employed as in example 1, except that 

the pH of the acid part ranges from about 3.5 to about 20 mt0 Vat B was added 0.4 g/liter of potassium bisulfate 

4.5. Into the acid part, optionally, may be added an j n combination with 0.18 g/liter of propionaldehyde. 

amount of an aldehyde disproportionation agent effec- Trie resulting solution produced a concentration of 

tive to enhance disproportionation of chlorous acid to chlorine dioxide of about 1 10 ppm in the reaction cham- 

chlorine dioxide. The amount of aldehyde dispropor- ber c as measured spectrophotometrically at 360 nm 

tionation agent ranges from about 20 ppm to about 25 using an extinction coefficent of 1250 M _1 cm _I . A 30 

40,000 ppm. In this aspect of the present invention in fold dilution of the final concentration of chlorine diox- 

which the aldehyde disproportionation agent is utilized, ide pro duced a final concentration in the dilution cham- 

any acid may be used including any of the aforemen- ber D of about 3 5 ppm chlorine dioxide and a final 

tioned acids, among others; but preferably a non-toxic concentration of chlorite ion of about 1 or less ppm. 
low pKa acid is used. When the chlorite part is added to 30 

the acid part (which preferably contains the hydroxyl Example 3 

free aldehyde), the combined mixture has a pH of less Same method emp lo ye d as in example 1, except that 

than about 5.0 into Vat B was added 0.4 g/liter of potassium bisulfate 

The final solutions of chlorine dioxide in diluted form m combination with about 0 . 29 g/liter of benzaldehyde. 

may be used for purposes of disinfecting surfaces, espe- 35 The resulting solution duced a conce „ t ration of 

dally surfaces which may require reduced amounts of chlorine dioxidg of about 3(M0 in tfae reaction 

chlorite ion for example, food equipment, and medical chamber c ag measured spectrophotometrically at 360 

devices and dental equipment. In addition, the solutions nm usi an extinction coefficent of 1250 M- 'cm- 1. A 

according to the present invention may also be used for 30 fold dilution of {he final concentration of chlorine 

any other known purpose especially including drmlang 40 dioxide duced a final conce ntration in the dilution 

water The number of applications of the chlorine diox- chamber D of ^ l Q cWorine diojdde 

ide solutions according to the present invention is be- concentration of chlorit f ion which is significant i y less 

l.eved to be arger than for solut.ons which are pro- than jf disproportionation had not been f ncluded . 

duced according to pnor art methods because the solu- y y 

tions of the instant invention are compatible with food, 45 Example 4 

medical and dental equipment as well as other uses In m embodiment related tQ the non . corrosive aspect 

known in the art. according to the present invention, as in Example 1, the 

EXAMPLES following two-part formulation when combined in 

- „ . , . . . ... , „ about a 1:1 ratio provides a composition useful for the 

The followmg examples are provided to illustrate the 50 disinfection of ha P rd substrates ^ ^ dental and/or 

present invention and should not be construed to limit med i ca ] devices 
the scope of the invention of the present application in 

any way. ______ 

„ , , Liquid Disinfectant 

Exam P le 1 55 Percent by Weigh, 

To Vat A (See FIG. 1) was added an aqueous solu- chlorite Part 

tion containing about 0.7 g./liter of pure sodium chlo- Sodium chIorite (g0%) 0 250% 

rite (T. R.-AMC Chemicals, a Division of TR-Metro edta, tetra sodium (98%) 0.095% 

Chemicals, Inc., Ridgefield, N.J. To Vat B was added Sodium lauryl sulfate 0.004% 

about 0.4 g./liter of potassium bisulfate, which pro- 60 AcidPan Watef 

duced a pH of about 1.9. To this solution about 0.2 ~ — r — - „,,._,, 

/ ,, , , , , , Potassium bisulfate (anhydrous) 0.400% 

g/liter of acetaldehyde was added. Sodium propionate 0 150% 

The contents of Vat A and Vat B were emptied into Giutaraldehyde (50%) 0.080% 

the reaction chamber C by opening valves 1, 2 and 3 Cinnamic aldehyde 0.015% 

(valve 4 is closed). The pH of the mixture in the reac- 65 Delomzed Water 3± 

tion chamber is approximately 2.2. The reaction mixture 

was allowed to stand for a period of ten minutes after As noted, the disproportionation agent in the form of 

which time approximately 92% of the initial chlorite a hydroxyl free aldehyde chemical compound, namely 
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glutaraldehyde, is preferably added to the acid part. In 
this example, cinnamic aldehyde is used as a fragrance. 
The resulting composition after 15 minutes has a pH of 
about 4.2 and produces a concentration of chlorine 
dioxide of about 45 ppm as measured spectrophotomet- 
rically at 360 nm (molar absorptivity of 1250 per mole/- 
centimeter). Within this period, about 40% of the initial 
chlorite is consumed. This composition is readily appli- 
cable for disinfection of hard surfaces such as dental 
and/or medical devices. ' 

Example 5 

In a preferred composition related to the non-corro- 
sive aspect of the present invention, which results from 
about a 1:1 ratio of a combination of the following two 
part formulation, a liquid disinfectant is obtained which 
is useful for applications on dental and/or medical de- 
vices. 



Percent by Weight 

Chlorite Fart 



uryl sulfate 



Sodiur 
Deionized W 
Acid Part 

Potassium bisulfate (anhydroi 
Sodium propionate 
Propionaldehyde 
Deionized Water 



0.360% 
0.150% 
0.010% 



As noted, the disproportionation agent in the form of 
a hydroxyl free aldehyde chemical compound, namely 35 
propionaldehyde, is preferably added to the acid part. 
The resulting composition has a pH of about 3.9 and 
produces a concentration of chlorine dioxide of about 
38 ppm as measured spectrophotometrically at 360 nm 
(molar absorptivity of 1250 per mole/centimeter during ^ 
a period of about 10 minutes. Within this period, about 
15% of the initial chlorite is consumed. This composi- 
tion is readily applicable for disinfection of hard sur- 
faces such as dental and/or medical devices. 

Example 6 4 ^ 
In yet another embodiment related to the non-corro- 
sive aspect according to the present invention, the fol- 
lowing two-part formulation, when combined in about 
a 1:1 ratio, provides a composition useful for the disin- 50 
fection of hard substrates such as dental and/or medical 
devices. The pH of the composition is about 4.2 and 
produces about 27 ppm of chlorine dioxide during an 
aging period of about 15 minutes. 



55 



Liquid Disinfectant 



Percent by Weight 



EDTA, tetra sodium (98%) 
Sodium lauryl sulfate 
Deionized Water 
Acid Part 

m bisulfate (anhydrous) 



0.300% 
0.150% 
0.030% 



The present invention which utilizes an acid and a salt 
of chlorite in combination with a hydroxyl free alde- 
hyde chemical compound at a pH no greater than about 
5.0 to generate chlorine dioxide was compared with the 
prior methods of Hampel, as set forth in U.S. Pat. No. 
2,323,594 ("the Hampel method") and Davidson, as set 
forth in U.S. Pat. No. 4,986,990 ("the Davidson 
method"). Control experiments, which excluded a dis- 
proportionation agent, were also performed in which 
chlorine dioxide was generated by mixing sodium chlo- 
rite with an acid at a pH of about 2.65 and about 5. The 
control experiments were performed in order to gener- 
ally assess the value of the disproportionation agent in 
the present invention, the Hampel method and the Dav- 
idson method. The results of this comparison evidence 
the production of unexpectedly greater quantities of 
chlorine dioxide using the method of the present inven- 
tion compared to the prior art methods. 

General Method 

Chlorine dioxide was generated in the following ex- 
periments, all of which were performed at room tem- 
perature under essentially identical conditions (initial 
sodium chlorite and disproportionation agent concen- 
tration). In certain experiments, the initial pH was con- 
stant; in other cases the pH was changed from one ex- 
periment to another, primarily to determine the effect 
that pH had on the formation of chlorine dioxide and/or 
residual chlorite levels. Chlorine dioxide levels were 
determined in each case by standard spectrophotomet- 
ric methods, using a wavelength of 360 nm. Sodium 
chlorite levels were determined by iodometric titrations 
using 0.1N thiosulfate reagent. The starting pH for the 
various experiments was about 2.65 or 5.0 for the pres- 
ent method, the Davidson method and the control ex- 
periment, and 7.2 for the Hampel experiment. 

I. Experiments at pH 2.65 

The studies performed at pH 2.65 (the present inven- 
tion, the Davidson method or the control experiment) 
utilized a first solution (part B) containing 0.140% by 
weight potassium bisulfate (anhydrous) in water, and in 
the case of the present invention and the Davidson 
method, a 0.0091 molar concentration of a dispropor- 
tionation agent in addition to the acid. In the present 
invention acetaldehyde was the disproportionation 
agent and in the Davidson method mannose, glucose, 
glycerin or inositol (as taught by Davidson) was the 
disproportionation agent. To initiate chlorine dioxide 
formation, an aqueous solution containing 0.102% by 
weight sodium chlorite (part A) was added to the acidic 
solution (part B) in equal volumes and mixed. 

The above experiments were also compared with the 
Hampel method. Using the Hampel method, chlorine 
dioxide was generated at a pH of 7.2 utilizing 0.040% of 
acetaldehyde (0.0091 molar) in buffer solution. The 
buffer solution was prepared by dissolving 34.5 grams 
of sodium phosphate monobasic (NaH2P04.H20) in 
500 ml of deiozined water, adjusting the pH to 7.2 using 
a solution of sodium hydroxide and then diluting to 1 
liter with deionized water. Chlorine dioxide formation 
and the pH of the solution at room temperature in each 
of these experiments were measured at 2 minutes, 5 
minutes and 10 minutes after initial mixing. 
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The results of these low pH experiments, along with 
the results obtained using the Hampel method, are pres- 
ented and compared in Tables 1 and 2. Table 1 evi- 
dences a tremendous difference in the amount and rate 
of formation of chlorine dioxide using the present in- 5 
vention at pH 2.65 compared with the methods of Ham- 
pel, Davidson or the control experiment. It is notewor- 
thy that the aldose and diol disproportionation agents of 
Davidson were only marginally better than the control 
experiment in generating chlorine dioxide at pH 2.65. 10 
For the Hampel method, the generation of chlorine 
dioxide was considerably less than the control. 

Table 2 sets forth the concentration of chlorite re- 
maining in solution 5 minutes after initial mixing to form 
chlorine dioxide in the different methods. The results 15 
evidence that the amount of chlorite remaining in solu- 
tion after 5 minutes using the present invention is about 
28 to about 35 fold less than it is for the control experi- 
ment or the experiments using the method of Hampel or 
Davidson. 20 
TABLE 1 
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acetaldehyde was the disproportionation 
agent and in the Davidson method mannose, glucose, 
glycerin or inositol (as taught by Davidson) was the 
disproportionation agent. To initiate chlorine dioxide 
formation, an aqueous solution containing 0.102% by 
weight sodium chlorite (part A) was added to the acidic 
solution (part B) in equal volumes and mixed. 

The above experiments were also compared with the 
Hampel method as taught above. As above, chlorine 
dioxide formation and the pH of the solution at room 
temperature in each of these experiments were mea- 
sured at 2 minutes, 5 minutes and 10 minutes after initial 
mixing. 

The results of these low pH experiments, along with 
the results obtained using the Hampel method, are pres- 
ented and compared in Tables 3 and 4. Table 3 evi- 
dences a huge difference in the amount (at least 37 fold 
more) and rate of formation of chlorine dioxide using 
the present invention at pH 5.0 compared with the 
methods of Hampel, Davidson or the control experi- 



PPM Level of Chlorine Dioxide Gen. 



PH 



96.8% 
96.8% 
76.6% 



II. Experiments at pH 5.0 

The studies performed at pH 5.00 (the present inven- 
tion, the Davidson method or the control experiment) 
utilized a first solution (part B) containing 0.050% by 
weight potassium bisulfate (anhydrous) in water, and in 
the case of the present invention and the Davidson 
method, a 0.0091 molar concentration of a dispropor- 
tionation agent in addition to the acid. In the present 



ment. It is noted that the aldose and diol disproportion- 
ation agents of Davidson were slightly better than the 
control experiment in generating chlorine dioxide at pH 

35 5.0, but significantly less efficient than the hydroxyl free 
aldehyde used in the present invention. For the Hampel 
method, the generation of chlorine dioxide was slightly 
better than the control or Davidson. 
Table 4 sets forth the concentration of chlorite re- 

40 maining in solution 5 minutes after initial mixing to form 
chlorine dioxide in the different methods. The results 
evidence that the amount of chlorite remaining in solu- 
tion after 5 minutes using the present invention is signifi- 
cantly less than it is for the control experiment or the 

45 experiments using the method of Davidson. The 
amount of chlorite remaining after employing the 
method of Hampel is similar to the present invention, 
although significantly more chlorite did remain in the 
case of Hampel compared with the present invention. 



PPM Level of Chlorine Dioxide Generated 



PPM = Parts Per Million 

N.D. = Not Detectable 
Mann. = Mannose (Aldose) 

Glyc. = Glycerin- 

Inos. = Inositol (Cyclic Alcohol) 
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Davidson 
Mannose 



Example 8 15 
Use of Organic Acid As Substitute for Low pKa Acids 

In the above-described experiments, organic acids 
such as acetic acid, tartaric acid, citric acid, lactic and 
similar organic acids are substituted for sodium bisul- „ 
fate. The method is performed at pH 2.70 and 5.0. The 
results indicate that at pH 2.70 the generation of chlo- 
rine dioxide (about 70 PPM) using the present invention 
is significantly greater and the residual chlorite remain- 
ing (about 54%) is significantly less than using the meth- 25 
ods of Davidson at a pH of 2.70 or Hampel (7.20). At 
pH 5.0, the results of the present invention (about 20 
PPM chlorine dioxide is generated and about 72% re- 
sidual chlorite remains) are comparatively better than 
either the method of Davidson performed at pH 5.0 or 3Q 
the Hampel method. However, the difference between 
the results which are generated by the present invention 
using an organic acid at a pH of 5.0 and the methods of 
Davidson at a pH of about 5.0 and Hampel at pH 7.2 are 
not as great as in the case where the present method was 35 
performed at the lower pH of 2.70. Moreover, the use of 
a low pKa acid such as sodium bisulfate also produces 
significantly better results than using an organic acid 
(higher pKa) at the same pH. 

This invention has been described in terms of specific 49 
embodiments set forth in detail herein, but it should be 
understood that these are by way of illustration and the 
invention is not necesarily limited thereto. Modifica- 
tions and variations will be apparent from the disclosure 
and may be resorted to without departing from the 45 
spirit of the inventions those of skill in the art will 
readily understand. Accordingly, such variations and 
modifications are considered to be within the purview 
and scope of the invention and the following claims. 

I claim: 50 

1. A method of producing chlorine dioxide compris- 
ing: 

combining in a first aqueous solution an aqueous solu- 
ble chlorite salt, an aqueous soluble acid and an 
aqueous soluble hydroxyl free aldehyde dispropor- 55 
tionation agent, said chlorite salt, said acid and said 
aldehyde disproportionation agent being included 
in said first solution in concentrations effective in 
combination to produce chlorine dioxide in a con- 
centration of at least about 5 parts per million after 60 
a period of about fifteen minutes, said first solution 
having an initial pH of about 5.0 or less, said first 
solution producing substantially greater quantities 
of chlorine dioxide after said period compared to a 
second aqueous solution identical to said first solu- 65 
tion except that an aldose disproportionation agent 
is substituted for said aldehyde disproportionation 
agent in said second solution at the same molar 



concentration said aldehyde disproportioi 
agent is included in said first solution. 

2. The method according to claim 1 wherein said acid 
is selected from the group consisting of an aqueous 
soluble bisulfate salt, sulfamic acid, maleic acid, phos- 
phoric acid, ethylenediaminetetraacetic acid, monoso- 
dium ethylenediaminetetraacetic acid, citric acid, propi- 
onic acid, fumaric acid, glycolic acid, lactic acid, malic 
acid, tartaric acid, acetic acid, sulfuric acid, sulfamic 
acid, hydrochloric acid, nitric acid and mixtures 
thereof. 

3. The method according to claim 2 wherein said salt 
of chlorite is selected from sodium chlorite and potas- 
sium chlorite. 

4. The method according to claim 2 wherein said acid 
is selected from the group consisting of an aqueous 
soluble salt of bisulfate, maleic acid, phosphoric acid, 
ethylenediaminetetracetic acid, monosodium 
ethylenediaminetetracetic acid and mixtures thereof. 

5. The method according to claim 1 wherein said 
aldehyde is selected from the group consisting of acetal- 
dehyde, benzaldehyde, propionaldehyde, glutaralde- 
hyde and 2-furfural. 

6. The method according to claim 5 wherein said 
aldehyde is selected from the group consisting of glutar- 
aldehyde, acetaldehyde, benzaldehyde and propional- 
dehyde. 

7. The method according to claim 1 wherein said acid 
is an aqueous soluble bisulfate salt selected from the 
group consisting of sodium bisulfate and potassium 
bisulfate. 

8. A method of producing chlorine dioxide compris- 
ing: 

combining in a first aqueous solution an aqueous solu- 
ble chlorite salt, an acid selected from the group 
consisting of an aqueous soluble bisulfate salt, sul- 
famic acid, maleic acid, phosphoric acid, ethylene- 
diaminetetraacetic acid, monosodium 
ethylenediaminetetracetic acid and mixtures 
thereof and an aqueous soluble hydroxyl free alde- 
hyde disproportionation agent, said chlorite salt, 
said acid and said aldehyde disproportionation 
agent being included in said first solution in con- 
centrations effective in combination to produce 
chlorine dioxide in a concentration of at least about 
5 parts per million after a period of about fifteen 
minutes, said first solution having an initial pM of 
about 5.0 or less, said first solution producing sub- 
stantially greater quantities of chlorine dioxide 
after said period compared to a second aqueous 
solution identical to said first solution except that 
an aldose disproportionation agent is substituted 
for said aldehyde disproportionation agent in said 
second solution at the same molar concentration 
said aldehyde disproportionation agent is included 
in said first solution. 

9. The method according to claim 8 wherein said acid 
is phosphoric acid. 

10. The method according to claim 8 wherein said 
aldehyde is selected from the group consisting of acetal- 
dehyde, benzaldehyde, propionaldehyde, glutaralde- 
hyde and 2-furfural. 

11. The method according to claim 10 wherein said 
aldehyde is selected from the group consisting of glutar- 
aldehyde, acetaldehyde and propionaldehyde. 

12. The method according to claim 8 wherein said 
chlorite salt is selected from the group consisting of 
potassium chlorite and sodium chlorite. 
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13. The method according to claim 8 wherein said second aqueous solution identical to said first solu- 
acid has a pKa between about 1.94 and about 2.1. tion except that an aldose disproportionation agent 

14. A method of producing chlorine dioxide compris- i s substituted for said aldehyde disproportionation 
m § : agent in said second solution at the same molar 

combining in a first aqueous solution an aqueous solu- 5 concentration said aldehyde disproportionation 

ble chlorite salt, an acid selected from the group agent is included m said first so l u tion. 

consisting of an aqueous soluble bisulfate salt sul- 15 The method according t0 claim 14 wherein said 

famic add malerc acid, phosphoric acid, ethylene- ackJ ^ an us bisulfate ^ from 

diaminetetraacetic acid, monosodmm » ,. 

ethylenediaminetetracetic add and mixtures io ^ conslstm S ° f s ° d «™ potassium 

thereof and an aldehyde disproportionation agent ' " . . 

selected from the group consisting of acetaldehyde, *f . ^ m ? thod accordmg to claim 14 wherem said 

propionaldehyde, glutaraldehyde, 2-furfural, and acid is phosphonc acid. 

mixtures thereof, said chlorite salt, said acid and 11 • Tb& method according to claim 14 wherem said 

said disproportionation agent being included in said 15 aldehyde is selected from the group consisting of acetal- 

first solution in concentrations effective in combi- dehyde, propionaldehyde and glutaraldehyde. 

nation to produce chlorine dioxide in a concentra- 18- The method according to claim 14 wherein said 

tion of at least about 5 parts per million after a chlorite salt is selected from the group consisting of 

period of about fifteen minutes, said first solution potassium chlorite and sodium chlorite, 

having an initial pH of about 5.0 or less, said first 20 19. The method according to claim 14 wherein said 

solution producing substantially greater quantities acid has a pKa between about 1.94 and about 2.1. 

of chlorine dioxide after said period compared to a ***** 
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